Introduction {#Sec1}
============

Upper and lower respiratory tract infections are among the most common infectious processes among solid organ and hematopoietic stem cell transplant (HSCT) recipients \[[@CR1]\]. As with most infectious syndromes outlined in this text, the increased risk of respiratory tract disease encountered in transplant recipients relates in part to defects in innate and adaptive immunity. Within this population, however, the incidence and microbiological etiology of respiratory infections are quite variable. This is due in part to the use of heterogeneous immunosuppressive regimens and differing prophylactic antibiotic strategies. In addition to diminished host immunity, anatomic breaches in upper and lower respiratory tract defenses may increase the susceptibility of immunocompromised hosts to a variety of common and opportunistic pathogens. Such anatomical considerations are especially important in patients who have undergone thoracic surgery for lung and heart transplantation and individuals who have required prolonged mechanical ventilation. Medical devices such as nasogastric and endotracheal tubes hinder coordinated glottic movement and mucociliary function and act as conduits for the introduction of pathogenic organisms to the respiratory tract \[[@CR2]\].

Several immune deficits can affect transplant recipients and consequently increase the risk of upper and lower respiratory tract infections. These include:: Commonly associated with medication toxicities, chemotherapy, hematological malignancies, and viral infections, deficits in neutrophil count and function can increase the risk of infection with staphylococci, streptococci, Gram-negative bacilli (GNB), and fungi \[[@CR3], [@CR4]\].: Caused by many transplant immunosuppressive medications that include calcineurin inhibitors, mTOR inhibitors, glucocorticoids. T lymphocyte deficiency is also encountered in the setting of HIV infection, lymphoma, leukemia, and infection/reactivation of various herpesviruses, especially *Cytomegalovirus* (CMV). Patients with cellular immune dysfunction are at increased risk of respiratory infection due to intracellular organisms such as *Listeria monocytogenes*, *Salmonella* spp., *Legionella* spp., and *Toxoplasma gondii*, mycobacteria, fungi-like *Cryptococcus* spp., *Histoplasma capsulatum*, and *Pneumocystis jirovecii*, as well as CMV, *Human herpesvirus 6* (HHV-6), varicella-zoster virus (VZV), and respiratory viruses \[[@CR5]--[@CR7]\].: Associated with various transplant/oncology medications like azathioprine, mycophenolate, rituximab, and glucocorticoids and hematological malignancies such as leukemia, multiple myeloma, and other causes of humoral immune defects increases the risk of infection with encapsulated bacteria including *S. pneumoniae*, *H. influenzae*, and *N. meningitidis*.*and* : Similarly increase the risk of infection with encapsulated bacteria as well as *Capnocytophaga*.

Because such immune defects are often mixed, careful attention to clinical and radiographic features as well as recognition of nosocomial versus community sources of infection are critical to making a correct diagnosis and initiating empiric antimicrobial therapy \[[@CR1]\]. In both solid organ transplant and HSCT recipients, delays in appropriate antimicrobial therapy may increase the risk of secondary complications and infection-associated deaths, especially in those with severe immunosuppression. Therefore, it is common practice to initiate empiric or preemptive antimicrobial therapy in patients for whom the suspicion of infection is high.

This chapter reviews the common respiratory tract infections affecting transplant recipients including sinusitis, bronchitis, tracheobronchitis, and pneumonia. Particular attention is directed to epidemiological risk factors including healthcare exposure, clinical presentation, diagnosis, and common microbiological etiologies. Unique causes of opportunistic pneumonias are reviewed in the final section of this chapter.

Sinusitis {#Sec2}
=========

Sinus infections are a common occurrence in transplant recipients, affecting between 4% and 31% of HSCT recipients \[[@CR8], [@CR9]\] and probably a similar percent of solid organ transplant recipients \[[@CR10]\]. Of note, transplant patients with underlying cystic fibrosis (CF) are at extremely high risk for sinusitis with between 90% and 100% of individuals with CF showing pan-sinusitis on imaging by 8 months of age \[[@CR11]\]. In HSCT recipients, risk factors for developing severe rhinosinusitis include graft-versus-host disease (GVHD) \[[@CR12], [@CR13]\]. The determinants of sinusitis in solid organ transplant recipients are less clearly defined, possibly due to the heterogeneous disease processes prompting transplantation. Unlike non-immunosuppressed individuals, no studies have linked tobacco, allergy, asthma, and low IgG levels to sinusitis in transplant recipients \[[@CR13]\].

In general, sinusitis can be classified temporally as acute (\<4 weeks), subacute (4--12 weeks), or chronic (\>12 weeks) and in terms of severity as invasive or noninvasive. Typical signs and symptoms include nasal congestion, focal sinus pressure or pain, nasal discharge, and reduced sense of smell although, as is generally the case, transplant recipients can often have a muted clinical picture. Among HSCT recipients, nasal congestion and cough are the most common symptoms of acute sinusitis (80% and 61%, respectively) \[[@CR8]\]. The nonspecific nature of these symptoms may ultimately lead to delays in diagnosis resulting in poorer clinical outcomes of invasive infections.

The diagnosis of acute sinusitis is often based entirely on clinical presentation in the immunocompetent patients, whereas in transplant recipients, a high degree of suspision due to dampened clinical signs and symptoms should be accompanied by an appropriate diagnostic investigation that often includes CT or MRI scan of the face and paranasal sinuses. In most cases, cultures of nasal discharge are not helpful; a nasal wash for bacterial cultures and a PCR panel that assesses a number of common and uncommon respiratory viruses may considerably improve diagnostic yeild. When imaging is obtained, fluid levels are found in 86% of cases \[[@CR6]\]. Although a wide variety of organisms can cause acute sinusitis, the vast majority of infections are due to viral pathogens. These include rhinovirus, respiratory syncytial virus (RSV), adenovirus, coronavirus, influenza, parainfluenza, and even CMV \[[@CR14]--[@CR16]\]. Viral infections can be short-lived but viral shedding can be prolonged among immunocompromised patients. Bacterial sinus infections are much less common and rarely occur with less than 7 days of symptoms \[[@CR17]\]. Common bacterial causes of acute bacterial sinusitis include *S. pneumoniae*, *Haemophilus influenzae*, *Moraxella catarrhalis*, *S. aureus*, and anaerobes. *Pseudomonas* can be a prominent sinus pathogen in cystic fibrosis patients both before and after lung transplantation \[[@CR18], [@CR19]\]. While most cases of acute bacterial sinusitis are caused by one predominant organism, up to one quarter have two distinct pathogens present in high concentration \[[@CR20]\]. It is important to note, however, that in routine clinical practice, the majority of patients with acute sinusitis do not have a bacterial pathogen isolated.

In the immunocompetent patients treatment of acute sinusitis is usually supportive except in cases where symptoms persist for greater than 7 days, at which point empiric antimicrobial therapy may be warranted. In severely immunocompormised transplant patients with or without neutropenia, approach has been to start treatment early when bacterial sinus infection is suspected. Complications of acute sinusitis include facial cellulitis, preseptal periorbital cellulitis, brain abscess, cavernous sinus thrombosis, and orbital invasion that may result in sight and life threatening orbital (post-septal) cellulitis \[[@CR21]\]. Intracraneal extension should be suspected if mental status changes occur or if there are focal neurological signs \[[@CR22]\]. CT imaging or MRI scan should be urgently obtained, and otolaryngology evaluation with endoscopy should be sought for both diagnosis (cultures and histology) and therapeutic drainage. Empiric antimicrobials should be initiated while this diagnostic evaluation is pending. In lung transplant recipients with underlying cystic fibrosis, sinus surgery can decrease recurrence of *Pseudomonas*-related sinus infections \[[@CR18]\].

Invasive fungal sinus infections are associated with increased morbidity and mortality that may range from 50% and may beupto as high as 90% in patients undergoing solid organ allograft and allogenic hematopoietic stem cell transplantation \[[@CR23]\]. Bony erosions can be a sign of invasive disease. There is a correlation with chronicity and invasiveness. Invasive sinus disease is often fungal although bacterial causes such as *Pseudomonas* and *S. aureus* are not uncommon. In transplant recipients, *Candida* and *Aspergillus* species remain the most common fungal organisms to cause sinusitis, resulting in invasive and noninvasive sinus disease \[[@CR24]\]. *Rhizopus* is also an important organism associated with rapidly progressive infection with high mortality rate \[[@CR21]\]. Even rarer fungal etiologies include *Scopulariopsis* \[[@CR25]\], *Fusarium* \[[@CR26], [@CR27]\], *Trichoderma* \[[@CR28]\], *Scedosporium* \[[@CR29]\], and *Pseudallescheria* \[[@CR30]\]. *Acanthamoeba* is a rare but well-described parasitic cause of invasive rhinosinusitis in immunosuppressed patients with a strong predilection for intracraneal involvement, in such patients brain infection carries high fatality \[[@CR31], [@CR32]\].

Bronchitis and Tracheobronchitis {#Sec3}
================================

The terms tracheobronchitis and acute bronchitis are frequently used interchangeably, with acute bronchitis having a preferential use in the literature with the exception of aspergillosis and ventilator-associated tracheobronchial infections \[[@CR33]--[@CR35]\]. As such, both are generally defined as a self-limited inflammation of the large airways of the lung, or bronchi, due to an infection. As opposed to pneumonia, the lower airways are not involved, and chest imaging is generally normal. Patients typically present with a cough lasting more than 5 days, an important factor distinguishing it from mild upper respiratory infection (URI) \[[@CR36]\]. Symptoms usually persist for 10--20 days but may extend for more than 4 weeks. Most patients report purulent sputum, indicating sloughing of tracheobronchial epithelium and inflammation. As opposed to bronchiolitis, acute bronchitis does not usually present with progressive cough, wheezing, tachypnea, respiratory distress, and hypoxemia. Chronic bronchitis, on the other hand, entails continuing symptoms on most days of the month for at least 3 months of the year during two consecutive years.

Many studies have shown that community-acquired viruses are by far the most common cause of acute bronchitis \[[@CR37]--[@CR40]\]. These include influenza A and B, adenovirus, rhinovirus, coronavirus, parainfluenza, RSV, and human metapneumovirus \[[@CR37]--[@CR40]\]. Bacteria, particularly atypical organisms, can also cause acute bronchitis; commonly implicated pathogens include *Bordetella pertussis*, *Chlamydophila pneumoniae*, and *Mycoplasma pneumonia*. Among immunocompromised patients, the causative agents of acute bronchitis are largely similar to the general population \[[@CR41]--[@CR43]\]. Opportunistic pathogens can also cause tracheobronchial infections, particularly among lung transplant and allogeneic HSCT recipients. The most important of these include invasive fungal infections, especially *Aspergillus* \[[@CR35], [@CR44], [@CR45]\].

Acute bronchitis affects about 5% of adults annually, with the majority of infections occurring during the fall and winter \[[@CR46]\]. The incidence of upper respiratory tract infections among solid organ transplant and HSCT recipients appears to be similar to that of the general population \[[@CR43], [@CR47]--[@CR49]\]. Despite similar epidemiology, immunocompromised patients often suffer from prolonged periods viral shedding and progress to pneumonia more frequently \[[@CR50]\]. Higher rates of airflow obstruction and increased mortality are also key differences \[[@CR50], [@CR51]\]. Respiratory viral infections immediately prior to bone marrow transplant are associated with decreased survival \[[@CR52]\]. Among lung transplant recipients, respiratory viral infection, particularly RSV, can be associated with progression of chronic rejection and bronchiolitis obliterans syndrome (BOS) on histopathologic examination \[[@CR41], [@CR47], [@CR48], [@CR53]\]. Patients undergoing allogeneic hematopietic stem cell transplantation similarly are at risk for BOS that potentially may have been triggered after an episode of respiratory viral infection \[[@CR54]\].

The major procedures employed for diagnosis of upper respiratory tract infections include multiplex PCR platforms and sputum cultures. When a fungal etiology is suspected, bronchoscopy is often performed to establish microbiological diagnosis. Among lung transplant recipients, examination of the bronchial anastomosis is essential to ascertain its integrity and the presence of necrosis.

Treatment for acute bronchitis depends on the causative infectious agent \[[@CR51]\]. For the viral organisms without an established therapy, supportive care and close monitoring is recommended. Please refer to each specific pathogen for further information on treatment.

Pneumonia {#Sec4}
=========

Guidelines put forth by the Infectious Diseases Society of American (IDSA) and American Thoracic Society (ATS) suggest that the diagnosis of pneumonia requires a constellation of suggestive clinical features such as fever, purulent sputum, leukocytosis, and decline in oxygen saturation, and a demonstrable infiltrate on chest radiograph or other imaging technique with or without supporting microbiological data \[[@CR55], [@CR56]\]. As the common clinical and radiographic manifestations of pneumonia may be absent or attenuated in immunosuppressed patients due to impaired inflammatory responses \[[@CR1]\], the diagnosis of pneumonia may be difficult to establish in solid allograft transplant and both autologous and allogeneic HSCT recipients. Adding to this diagnostic challenge is the frequent colonization of the upper airway with microorganisms that do not contribute to lung disease, rendering the microbiological diagnosis of pneumonia by conventional culture techniques difficult. Conversely, sterile respiratory tract cultures do not exclude an infectious etiology, particularly in the setting of recent exposure to broad-spectrum antibiotics. The common use of prophylactic antimicrobials in transplant recipients may contribute to suppression of culture results while increasing the risk of infections that are resistant to commonly used antimicrobial agents given for infection prophylaxis such as fluoroquinolones, trimethoprim-sulfamethoxazole, triazole-based antifungals, and valacyclovir or valganciclovir \[[@CR57]--[@CR59]\].

As in the general population, pneumonias occurring in transplant recipients are traditionally defined based on the setting in which they are acquired, i.e., community-acquired vs. hospital-acquired. Until 2016, the IDSA and ATS designated a third category, healthcare-associated pneumonia (HCAP), to delineate patients with significant exposure to nursing homes, dialysis centers, and outpatient clinics. While this was intended to highlight this group's increased risk of multi-drug resistant pathogens, several studies have shown HCAP to be caused by organisms similar to those causing community-acquired pneumonia (CAP) \[[@CR60]--[@CR62]\]. Given that, the HCAP designation was removed from the most-recent IDSA/ATS guidelines for the management of hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP) \[[@CR56]\].

Community-Acquired Pneumonia {#Sec5}
----------------------------

CAP , as defined by IDSA and ATS, refers to the radiographic and clinical development of pneumonia in the community setting, distinguishing it from HAP, as outlined below \[[@CR55], [@CR56]\]. The distinction of CAP from nosocomial pneumonia remains important as it allows for prediction of likely pathogens and permits prognostic estimations based on epidemiologic descriptions of the underlying cause. Consequently, this distinction provides a framework for decisions regarding the appropriate diagnostic evaluation and empiric antimicrobial therapy.

The etiologic spectrum of bacterial pathogens causing CAP among transplant recipients with mild-to-moderate immunosuppression is similar to that of patients without a history of transplantation. However, a clinically insignificant microbial inoculum in the general population may cause severe infection among patients with underlying immunosuppression. *S. pneumoniae* remains the most commonly identified pathogen and the most frequent cause of lethal CAP \[[@CR63]\]. *S. aureus*, nontypeable *Haemophilus influenzae*, *Pseudomonas* spp., and other GNB may also cause life-threatening CAP . Recently, other non-lactose fermenting (NF)-GNB such as *Stenotrophomonas*, *Burkholderia*, *Chryseobacterium*, *Achromobacter*, and *Alcaligenes* species have been increasingly recognized as etiologic agents in both CAP and nosocomial infections \[[@CR64]\]. *S. pyogenes*, *Neisseria meningitidis*, and *Moraxella catarrhalis* also cause CAP less frequently. The incidence of CAP associated with the atypical pathogens such as *Mycoplasma pneumoniae*, *Chlamydia pneumoniae*, and *Legionella* spp. varies widely with patient age, seasonal variation, and geographic location. Viral pneumonias, most commonly caused by influenza, parainfluenza, and adenovirus, are also sources of CAP, which may be severe in the setting of transplantation. It is important to note that lower respiratory tract infections may be due to a mixed population of viruses, bacteria, and fungi in solid organ transplant and HSCT recipients \[[@CR65]--[@CR70]\].

The microbiological diagnosis of CAP is based upon recovery of a likely pathogen from an otherwise sterile source like blood, urine, pleural fluid, isolation of a noncommensal organism in respiratory secretions, or positive results of selected serological tests. Although the utility of Gram staining and culture of expectorated sputum in the diagnosis of pneumonia has been debated for years, carefully procured sputum specimens with cytologic confirmation of a lower respiratory source appear to be diagnostically useful, particularly if they are obtained before the initiation of antimicrobial therapy. Timely establishment of an accurate diagnosis contributes to a successful outcome , although treatment should not be withheld while diagnostic interventions are underway. Antimicrobial selection should be based upon the probable infecting organism(s), the severity of the patient's pneumonia, the patient's underlying immune status, and the presence or absence of comorbid conditions \[[@CR71], [@CR72]\].

Hospital-Acquired Pneumonia {#Sec6}
---------------------------

Lower respiratory tract infections that occur more than 48 h after hospital admission in patients without antecedent clinical symptoms or radiographic findings suggestive of pneumonia are referred to as HAP . The etiological spectrum of microbial pathogens causing HAP among low-risk transplant recipients with no recent antibiotic exposure is similar as that seen in the general population. *H. influenzae*, *S. pneumoniae*, *S. aureus*, and *Enterobacteriaceae* are frequently encountered. Methicillin-resistant *S. aureus* (MRSA) may cause severe HAP, especially among patients with prior MRSA colonization, antibiotic exposure, advanced age, and/or prolonged ventilatory support \[[@CR73]\]. Protracted mechanical ventilation and recent antibiotic administration are also associated with increased rates of HAP caused by *P. aeruginosa*, *Acinetobacter baumannii* complex, *Enterobacter* spp., and emerging strains of MDR NF-GNB such as *S. maltophilia*, *Burkholderia cepacia* complex, and *Alcaligenes* (*Achromobacter*) species, which may be difficult to treat. Mortality rates associated with HAP due to MRSA or *P. aeruginosa* are disproportionately higher than those caused by other nosocomial bacterial pathogens \[[@CR74]\].

Polymicrobial isolates and MDR pathogens are more common among patients with HAP, particularly when it occurs as a late complication during hospitalization. Because of the frequency with which multiple organisms are identified on a single respiratory sample, recent evidence-based guidelines advocate the use of quantitative or semiquantitative lower respiratory tract cultures obtained either bronchoscopically or noninvasively as part of the initial evaluation of the patients with suspected HAP or VAP \[[@CR75]\].

Empiric antibiotic selections for HAP that develop within 7 days of admission should target *S. pneumoniae*, *S. aureus* including MRSA, *Streptococcus* spp., *H. influenzae*, and Enterobacteriaceae. Patients with late HAP occurring \>1 week after hospitalization should receive empiric antimicrobial therapy that includes coverage for MDR-GNB. The scope of alternative antimicrobial choices in patients with refractory or slow-to-respond HAP or VAP should be based on institution-dependent susceptibility profiles. If an institution's incidence of MRSA pneumonia is low and respiratory cultures are unavailable or unrevealing, screening for MRSA nasal colonization may be useful in guiding therapy \[[@CR76]\]. As the absence of MRSA nasal colonization has a high negative predictive value for MRSA pneumonia, coverage for that organism can often be discontinued early in the treatment course if screening swabs are negative \[[@CR76]\].

Pneumonias Caused by Aspiration and Bronchial Obstruction {#Sec7}
---------------------------------------------------------

Aspiration of orogastric contents and mechanical obstruction of the airways may create a favorable milieu for pneumonia caused by microaerophilic or anaerobic bacteria like *Peptostreptococcus* spp. A variety of factors, such as abnormal swallow function, altered cough reflex, impaired mucociliary clearance, altered mental status, the use of sedating medications, chemotherapy-induced mucositis, supine positioning, gastroparesis, mechanical ventilation, and nasogastric tube feeding, all contribute to the increased predilection for aspiration in patients with histories of transplantation or malignancy \[[@CR77]--[@CR79]\]. Pneumonia associated with large-volume aspiration of gastric contents typically occurs as a late finding. The acidic gastric contents act as a poor medium for bacterial growth. Thus, the initial clinical syndrome following aspiration of gastric contents arises from the direct caustic effect of the acidic aspirate on the cells of the alveolar-capillary interface, i.e., chemical pneumonitis. A true bacterial pneumonia, if it occurs, is consequently a superimposed process. Aspiration of oral contents, by contrast, results from inhalation of nonsterile oropharyngeal material. The clinical presentation is often insidious, and the diagnosis is commonly inferred based on a compatible patient risk profile coupled with radiographic evidence of pneumonia.

Chest radiographs may show focal abnormalities that correlate with the patient's position at the time of aspiration . For example, aspiration that occurs while the patient is in the upright position typically localizes to the basilar segments of the lower lobes, whereas the superior segments of the lower lobes and posterior segments of the upper lobes are more frequently affected following aspiration that occurs in the supine position. The major pathogens underlying nosocomial versus community-acquired aspiration pneumonias differ although a microbiologic diagnosis may not be established due to the limited yield of conventional anaerobic cultures \[[@CR78], [@CR80]--[@CR82]\]. If necessary, such cultures may be best obtained bronchoscopically using a protected strategy.

The management of patients with significant lung injury associated with the aspiration of gastric contents includes aggressive supportive care. Upper airway suctioning, pulmonary toilet, and, if necessary, positive pressure ventilation comprise the mainstays of therapy. There is no clearly established role for corticosteroids in this setting, though the practice of prescribing moderate- to high-dose prednisolone is not uncommon. Early and aggressive antimicrobial therapy is recommended for patients with pneumonia secondary to aspiration of oropharyngeal contents. Antimicrobial selections should be tailored to the immune status of the patient and setting in which the aspiration occurred, i.e., community vs. healthcare environment but in general should be broad in spectrum and target Gram-negative organisms and oral anaerobes. Anaerobic coverage may be particularly important in patients with periodontal disease, putrid sputum, or evidence of necrotizing pneumonia \[[@CR78]\].

Other Sources of Pneumonia {#Sec8}
--------------------------

Transplant recipients with altered pulmonary anatomy specifically lung transplant recipients with bronchial anastomotic strictures may be at risk for obstruction of the airways, atelectasis, and postobstructive pneumonia. The associated pneumonias tend to be polymicrobial in nature including GNB, staphylococci, and anaerobes and may require relief of the obstruction to achieve adequate antimicrobial effects, even if appropriate antibiotics are selected. This is often most rapidly achieved through interventional bronchoscopic techniques such as bronchial dilation with or without stent placement.

The lungs may also become infected via septic emboli arising from suppurative endovascular bacterial and, less commonly, fungal infections. Infected intravascular septic deep venous thrombi are increasingly recognized as a potential source of infection in immunosuppressed patients. The radiographic pattern in these patients is distinctive and includes multicentric, pleomorphic lung nodules with asymmetric, relatively small, thick-walled cavities.

Specific Pathogens {#Sec9}
==================

Opportunistic organisms commonly implicated in transplant-related respiratory tract infections are outlined below.

*Nocardia* and Actinomycosis {#Sec10}
----------------------------

Over 30 species of have been associated with human disease \[[@CR83]\]. *Nocardia asteroides* complex, including *N. asteroides* sensu stricto and *N. farcinica*, accounts for nearly 90% of *Nocardia* infections, both in cancer patients and the general population. Risk factors for pneumonia include profound deficiencies in cellular immunity, prolonged use of high-dose systemic corticosteroids, especially in the treatment of chronic lung diseases \[[@CR84]\], and the presence of GVHD. Solid organ transplant recipients are also at particular risk for *Nocardia* infections although this varies based upon the organ transplanted. One review demonstrated infection rates of 3.5%, 2.5%, 1.3%, 0.2%, and 0.1% among recipients of the lungs, hearts, intestines, livers, and kidneys, respectively \[[@CR85]\]. *Nocardia* infections commonly occur within the 1st year of transplantation although early (\<1 month) and late (\>2 years) infections have also been reported \[[@CR85]--[@CR87]\]. Infection with the organism should be considered if nodular pulmonary infiltrates are seen, although reticulonodular or diffuse infiltrates are occasionally described. Solitary nodules associated with irregular, thick-walled cavities that mimic invasive pulmonary aspergillosis, histoplasmosis, necrotizing cancer, or chronic bacterial lung abscess have also been associated with *Nocardia* infection.

Indolent pneumonia may be clinically indistinguishable from other actinomycetes infections and from pneumonias caused by pulmonary eumycetes. Severely immunosuppressed cancer patients with refractory leukemia or prior allogenic HSCT may present with rapidly progressive multifocal nocardiosis. Spontaneous pneumothorax and hemoptysis are also recognized presentations of *Nocardia* infection among immunocompromised patients. Concomitant brain involvement is not uncommon, and preemptive evaluation is recommended to diagnose asymptomatic brain abscess in patients with pulmonary *Nocardia* infection. Trimethoprim-sulfamethoxazole (10--12 mg/kg daily) is effective against many *Nocardia* species . Retrospective studies suggest that clinical outcomes are improved when appropriate therapy is given for an extended period of time (6--12 months) \[[@CR88]\]. Despite aggressive antimicrobial therapy, pulmonary nocardiosis carries a high mortality in immunosuppressed individuals \[[@CR84]\]. Pulmonary actinomycosis typically presents in a very similar manner to nocardiosis, although it is classically associated with invasion across tissue plans. As such, pulmonary infection may involve the adjoining pleura and subsequently erode through the chest wall. Isolation of Actinomycetes from the respiratory tract should be evaluated critically as their presence may represent oropharyngeal contamination.

Tuberculosis {#Sec11}
------------

*Mycobacterium* is a rare cause of pulmonary infections in the developed world but is important to consider in severely immunosuppressed patients, especially foreign-born individuals or patients undergoing allograft solid organ or stem cell translantation in the developing countries where tuberculosis is regarded as an endemic disease \[[@CR89]\]. Solid organ transplant recipients are estimated to have 20--74 times higher incidence of active tuberculosis than that of the general population \[[@CR90]\]. Frequency of disease varies based upon the organ transplanted and the time from transplantation, with two-thirds of cases occurring within 1 year of transplantation \[[@CR91]\].

A broad range of clinical manifestations may be possible with tuberculosis infection. Pulmonary tuberculosis may present as an insidious pneumonia that is difficult to distinguish from Actinomycetes and eumycetes infection. Patients with impaired T-cell response may develop rapidly progressive tuberculosis that follows the course of a virulent bacterial infection. Systemic corticosteroid therapy is an independent predictor of both tuberculosis reactivation and suboptimal response to combination antimicrobial therapy. Hence, once the diagnosis of tuberculosis is established, every effort should be made to discontinue steroid therapy if not indicated for a specific syndrome \[[@CR89]\]. Just as HIV-infected patients may develop clinical worsening of tuberculosis pneumonia when initiating antiretroviral therapy such as immune reconstitution inflammatory syndrome, tuberculosis-related lung disease in solid organ transplant or HSCT recipients may infrequently worsen as immune function recovers following temporary discontinuation or partial withdrawal of antirejection or anti-GVHD therapy. Nonetheless, minimizing immunosuppression may be helpful in clearing such infections.

Nontuberculous Mycobacteria {#Sec12}
---------------------------

Nontuberculous mycobacteria (NTM) are ubiquitous in the environment and generally cause infection only in hosts with specific anatomical or immunological defects \[[@CR92]\]. Transplant recipients are at particular risk due to their impaired cell-mediated immunity. Among patients with structural lung disease particularly those before and after lung transplantation, this risk is further compounded by anatomical abnormalities. Epidemiological data are somewhat lacking for these pathogens as NTM infections are not reportable infections \[[@CR92]\]. Incidence rates for NTM pulmonary infections are estimated at 0.24--2.8% among heart transplant recipients and 0.46--8.0% among lung transplant recipients \[[@CR93]--[@CR95]\].

Pulmonary NTM infections are classically caused by *M. avium-intracellulare* complex and other slow-growing mycobacteria. These opportunistic pathogens are most frequently associated with chronic, indolent pneumonias. In the United States, the rapidly growing mycobacteria particularly *M. abscessus* and *M. fortuitum* have emerged as another important, albeit less frequent cause of NTM lung disease. The diagnosis of pulmonary NTM infections remains a challenge as identification of these organisms in respiratory cultures may result from colonization of the respiratory tract or environmental contamination. Causality is suggested by identification of NTM in sterile lower respiratory tract specimens coupled with corresponding clinical manifestations such as chronic nonproductive cough and exertional dyspnea and a NTM lung disease compatible radiographic presentation. Fever, night sweats, weight loss, pleuritic chest pain, and pleural effusions are also possible but less frequent in the absence of systemic disseminated infection.

Radiographic features of NTM infection include upper lobe predominant nonspecific nodular lesions and small, thin-walled cavities. Chest CT findings demonstrating the characteristic "tree-in-bud" appearance may also be seen in patients with other chronic infections. The so-called Lady Windermere syndrome, characterized by relapsing or refractory pulmonary NTM infection due to slow-growing mycobacteria, may be seen in patients with defects in endogenous interferon-gamma cellular immune response \[[@CR96]\]. NTM pulmonary infections are usually insidious, although rapidly progressive disease has been seen in patients with profound defects in helper T-cells. Treatment should include at least two antimicrobial agents to which the *Mycobacterium* is susceptible.

*Pneumocystis jirovecii* {#Sec13}
------------------------

Similar to NTM, *P. jirovecii* previously known as *P. carinii* is thought to be ubiquitous in the environment and only causes infection in the setting of impaired immunity. Classically described in HIV-positive individuals with pronounced CD4 lymphocytopenia, *Pneumocystis* is an important pathogen in solid organ transplant recipients \[[@CR97]\]. In most immunosuppressed patients, *Pneumocystis* pneumonia presents as a slowly progressive infection accompanied by nonproductive cough, exertional dyspnea, and hypoxemia, although an acute, rapidly progressive form has been described. CT evidence of perihilar infiltrates may be mistaken for pneumonitis caused by common acquired viral infections such as RSV, influenza, parainfluenza, or CMV during the early phase of the infection. Bronchoalveolar lavage typically has a high diagnostic yield either through silver staining or through PCR amplification. High-dose trimethoprim-sulfamethoxazole (15--20 mg/kg daily) given for 21 days is the treatment of choice. Adjuvant systemic corticosteroids should be administered to most patients with severe hypoxemia. Oral atovaquone, primaquine plus clindamycin, and parenteral pentamidine may be given to patients who are intolerant of sulfa-containing regimens.

Invasive Fungal Pneumonia {#Sec14}
-------------------------

Invasive pulmonary aspergillosis (IPA) is a relatively common cause of pneumonia in patients undergoing allogeneic HSCT and severely immunosuppressed patients following high-risk solid organ allograft transplantation \[[@CR98]\]. Among cancer patients, risk factors for invasive pulmonary aspergillosis include prolonged (\>1 week) and severe (\<100 cells/μL) neutropenia, refractory leukemia, allogeneic HSCT, GVHD, immunosuppressive therapy, and treatment with high-dose systemic corticosteroids \[[@CR99], [@CR100]\]. Among solid organ transplant recipients, risk factors vary based upon the organ transplanted but often include renal failure, reoperation/retransplantation, and CMV infection \[[@CR101]\]. is most commonly encountered, although non-*fumigatus Aspergillus* species are increasingly recognized. Similarly, a marked increase in pulmonary invasive fungal infections due to non-*Aspergillus* molds including *Fusarium*, *Pseudallescheria boydii*, and *Scedosporium* spp. and the dematiaceous (black) molds has also been noted, making the selection of an effective empiric regimen more challenging. The increased incidence of pulmonary mucormycosis may be related to changes in antifungal utilization with a shift away from amphotericin B compounds in favor of mold-active triazole drugs like voriconazole \[[@CR102]\]. The effects of newer triazole agents like posaconazole and isavuconazonium on the overall feasibility, efficacy and safety in magagement of fungal pneumonia in transplant recipients is evolving and appears encouraging.

While the clinical symptoms of fungal pneumonia may be similar to those seen in bacterial pneumonia, CT imaging may reveal a highly suggestive "halo sign" during the early course of infection and/or less often observed "crescent sign" that becomes apparent during the later course of IPA . Despite this, in most cases of pulmonary mycosis, the only radiographic findings at the time of presentation are peripheral, pleural-based lung nodules, sometimes with thick-walled regular or irregular cavities \[[@CR103]\]. The definitive diagnosis of pulmonary invasive fungal infection requires demonstration of fungal hyphae within the involved lung tissue. Therefore, the clinical diagnosis is often made by inference as high prevalence of thrombocytopenia and coagulopathies in transplant recipients render lung biopsies unsafe. It is important to note that isolation of fungi in respiratory samples may misrepresent the etiology of underlying pulmonary infiltrates as they may reflect environmental contamination or respiratory tract colonization.

The measurement of fungal antigens such as serum galactomannan, bronchoalveolar lavage galactomannan, and serum beta-D-glucan can aid in the detection of invasive pulmonary mycosis. Newer assays, including sequence-based nucleic acid amplification techniques, may further alter the diagnostic strategies used for invasive fungal infection in the future. Therapeutic strategies for these infections are discussed elsewhere.

Viruses {#Sec15}
-------

As previously noted, respiratory viruses including RSV, influenza A and B, parainfluenza, and adenovirus are common causes of upper respiratory tract infections that may have lower respiratory tract manifestations in immunosuppressed patients. Human metapneumovirus (hMPV) is also recognized as a serious pulmonary pathogen in this population. The spectrum of hMPV disease may range from mild upper respiratory tract infection to serious disseminated infection leading to respiratory failure and encephalitis. Herpesviruses, particularly CMV, are also important causes of pneumonitis in transplant recipients. As invasive CMV disease often affects the transplanted allograft, lung transplant recipients are at particularly high risk of CMV pneumonitis \[[@CR104]\]. The virus itself is immunomodulatory in nature, and CMV has been associated with bacterial and fungal superinfections as well as lymphoproliferative disorders \[[@CR105], [@CR106]\].

Fever and nonproductive cough are prominent but nonspecific features of viral respiratory tract infection. In patients with extensive lung involvement, dyspnea may appear early in the course of infection. Viral nucleic acids in nasal washes, tracheal aspirates, and bronchial specimens are most frequently used in diagnosing viral respiratory infections through multiplex PCR platforms. Despite that, the isolation of CMV especially by PCR amplification from lower respiratory tract secretions may not necessarily indicate CMV lung infection as even in transplant recipients with severe cellular immune defects; intermittent low-level viral replication and shed virus without developing viral lung disease has been well established. Hosts' risk assessment and CMV disease susceptibility evaluation along with radiographic imaging such as non-iv-contrast chest CT scan prove helpful in discerning active viral lung disease versus non-disease associated CMV respiratory tract viral shedding. Of note, chest CT scans may show ground glass opacities even when conventional chest radiographs are unremarkable, improving the sensitivity of diagnosis. Ganciclovir or foscarnet are commonly prescribed for systemic CMV infections. In transplant recipients with CMV pneumonitis, IVIG immune modulation along with effective antiviral drug if recommended. A detailed discussion is provided regarding specific pathogens and approach towards therapeutic management of lung infections in chapters throughout this book.
